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Abstract 18 
Offering several advantages over traditional “hold the line” flood defences, including increases 19 
in the supply of ecosystem services such as carbon sequestration and habitat provision, 20 
managed realignment is increasingly being used as a flood defence option. This paper seeks to 21 
add to the growing literature on public perceptions of the benefits of managed realignment by 22 
examining local resident’s knowledge of estuarine management issues and identifying their 23 
willingness to pay towards a new managed realignment scheme on the Tay Estuary, Scotland. 24 
Results showed that the majority of respondents were not aware of flood risk issues on the 25 
estuary or of different flood defence options. Household mean willingness to pay for a specific 26 
managed realignment scheme was calculated at £43 per annum. Significant drivers of 27 
willingness to pay included respondents perceived flood risk and worries about the state of 28 
existing flood defences. There was also spatial heterogeneity with those living closest to the 29 
scheme being willing to pay the most. Prior knowledge of flood risk issues were found not to 30 
significantly influence willingness to pay. 31 
Keywords: Flooding; Flood control; Wetlands; Economic analysis; Contingent valuation; 32 
Ecosystem Services. 33 
  34 
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Highlights 35 
 We estimate the public willingness to pay for a new flood defence scheme.  36 
 A contingent valuation survey is used to explore public preferences for this. 37 
 Household mean willingness to pay was calculated at £43 per annum. 38 
 Significant drivers were respondents perceived flood risk and worry about current flood 39 
defences.  40 
 Many respondents had a limited understanding of current flood risk and flood defence 41 
options.  42 
 43 
  44 
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1. Introduction 45 
Global sea level is rising between 3 and 4 mm per year, partly as a result of climate 46 
change (Vitousek et al., 2017). This threatens coastal settlements, infrastructure and 47 
ecosystems with future coastal erosion projections for Europe predicting a loss of between 48 
3700 km2 and 5800 km2 by 2050 (Kopp et al., 2014; Roebeling et al., 2011). As a result, coastal 49 
planners are increasingly recognising the need for alternative forms of flood defence (French, 50 
2006), as the traditional ‘hold the line’ approach is no longer viewed as the best-choice option 51 
that it once was (Garbutt et al., 2006; Turner et al., 2007). Whilst hard engineered defences 52 
will need to be maintained for many towns and industrial areas, it is rarely economically 53 
justified to maintain hard defences along dynamic, open coasts. For example, in the UK, 54 
expenditure on hard defences is predicted to increase to £200 million per annum by 2030, a 55 
60% increase on current spending levels (Committee on Climate Change, 2013). Moreover, 56 
hard defences are unsustainable as they contribute to coastal squeeze. Hard defences restrict 57 
the natural migration of intertidal habitats inland, reducing these habitats to narrow strips along 58 
the coast (Doody, 2004). 59 
In the United Kingdom, there has been a gradual move towards Natural Flood 60 
Management as part of the UK Governments Flood Risk Management Strategy (SEPA, 2012; 61 
Ledoux et al., 2005). Natural flood management works with natural hydro-geological and 62 
morphological processes to manage the sources and pathways of flood waters and involves the 63 
alteration, enhancement or restoration of natural features and characteristics (Lane, 2017). 64 
Managed realignment is one natural flood management option at the coast. This involves 65 
breaching existing coastal defences, allowing previously reclaimed land to be subjected to tidal 66 
flooding, and allowing the natural processes of inundation, erosion and accretion to take place 67 
(French, 2006). Managed realignment reduces the costs of hard defences by making use of the 68 
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storm buffering capacity of intertidal habitats such as mudflats and saltmarshes (King and 69 
Lester, 1995; Ledoux et al., 2005; Moller et al., 1999). Managed re-alignment is now 70 
considered one of the most cost-effective options for strengthening coastal defences: it is 71 
estimated that allowing managed realignment to take place on 10% of the English coastline 72 
will save between £180 and £380 million in reduced maintenance and avoided construction 73 
costs compared to hold the line approaches (Committee on Climate Change 2013). To date, 74 
managed realignment has been used at several sites along the east coast of England including 75 
the Blackwater Estuary (Essex), Freiston Shore and Brancaster West Marsh (Norfolk) and the 76 
Humber Estuary (Yorkshire) (Luisetti et al., 2011; Myatt et al., 2003a, b, c). In Scotland, one 77 
managed realignment scheme has been undertaken at Nigg Bay on the Cromarty Firth (Tinch 78 
and Ledoux 2006). 79 
Whilst the main policy driver for managed realignment has been flood defence, it also 80 
offers the opportunity to restore wetland habitats which have been lost through coastal squeeze 81 
and other anthropogenic stressors such as land reclamation (McLusky et al., 2004). Many 82 
intertidal areas are now protected under the UK Biodiversity Action Plan and the EU Habitats 83 
and Wildbirds Directives (Council Directive 92/43/EEC, Council Directive 2009/147/EC) and 84 
managed realignment is viewed as an important technique in restoring these wetland areas 85 
(Garbutt et al., 2006). Restoration also offers additional ecosystem service benefits including 86 
enhanced carbon sequestration, new nursery and spawning grounds for fisheries and 87 
recreational activities, as well as a contribution to biodiversity through the provision of roosting 88 
and foraging sites for internationally protected waterbirds (Luisetti et al., 2011).  89 
A challenge for policy makers is valuing the additional non-market benefits which arise 90 
from managed realignment (NEA, 2013). A meta-analysis of 190 wetland valuation studies 91 
found the majority of studies valuing flood defence used market-based approaches such as 92 
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replacement cost, thus excluding the wider, non-market benefits noted above (Brander et al., 93 
2006). Several studies have used benefits transfer approaches. Roebeling et al., (2011) consider 94 
non-market ecosystem services losses due to coastal erosion across several European Member 95 
states: losses were valued between €20.1 and €19.4 billion per year by 2050. A similar benefits 96 
transfer approach was applied in the Ovar-Marinha region of Portugal (Alves et al., 2009). 97 
Non-market ecosystem services were valued at €193 million per year (present day) with losses 98 
from coastal erosion equating to over €45 million per year by 2058. The authors emphasise that 99 
this value is a best estimate and that errors due to extrapolation between sites, scale and 100 
methodological differences between the underlying valuation studies exist. Whilst using 101 
benefits transfer can provide an initial indicative figure for losses in the coastal zone, there is a 102 
limited range of valuation studies which hamper the quality of benefits transfer. Instead, there 103 
are calls for more primary, high-quality valuation studies which in turn will improve the 104 
applicability of benefits transfer for valuation in the coastal zone (Torres and Hanley, 2017). 105 
The number of primary valuation studies for natural flood defence options is increasing, 106 
For example, in Italy, ecosystem services provided by beach nourishment have been identified 107 
and their values explored (Martino and Amos, 2015). It was estimated that the damage cost 108 
avoided by the beach nourishment ranged from € 9.1 to € 15.5 million, depending on the project 109 
lifespan. Recreational benefit from beach nourishment was €3.1 million per year. However, 110 
only those ecosystem services providing a direct value to beach business and beach users were 111 
evaluated for the study. Alexandrakis et al., (2015) combine economic and environmental data 112 
to estimate the vulnerability of a tourist beach to sea level rise in Crete. Hedonic pricing was 113 
used to value 38 sectors of the beach, with the highest value sector that containing six five star 114 
hotels (€60 euros per m2 per day). Combining these values with sea level rise scenarios allows 115 
a revenue loss of €48,700 per m2 per year to be calculated. The authors recommend increasing 116 
beach front rental values within the study area to fund a beach nourishment programme. 117 
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In England, several studies have been undertaken to value the additional benefits of 118 
managed realignment. Turner et al., (2007) undertook a cost-benefit analysis for a variety of 119 
managed realignment scenarios for the Humber Estuary. Benefits valued included carbon 120 
sequestration and habitat creation, whilst costs included capital costs of realignment and 121 
forgone agricultural incomes. Habitats were valued using the results generated by the meta-122 
analyses of Brander et al., (2006) and Woodward and Wui, (2001). Turner et al., (2007) 123 
concluded that managed realignment would be more economically efficient than hold the line 124 
over longer timescales (greater than 25 years) but also urged that greater stakeholder inclusion 125 
is needed when planning sites with complex trade-offs. Related to this was the work of 126 
Andrews et al., (2006) who analysed the biogeochemical value of managed realignment in the 127 
Humber Estuary in terms of increased carbon sequestration and reduced metal contamination. 128 
Results showed that sediment burial at the site resulted in a saving of £1000 per annum in 129 
avoided clean-up costs for copper contamination. Luisetti et al., (2011) extended this work by 130 
considering the recreational and fish nursery benefits of managed realignment for the Humber 131 
and Blackwater estuaries. Using a choice experiment the recreational value of saltmarsh at the 132 
Blackwater Estuary was estimated to be worth between £4,429,000 and £6,430,000 per annum. 133 
Similar to the finding of Turner et al., (2007), Luisetti et al., concluded that valuation plays a 134 
small but important role in the planning of new managed realignment schemes. 135 
A further challenge for coastal planners is communicating the flood defence and 136 
ecosystem service benefits of managed realignment to the general public and, particularly, to 137 
local stakeholders (SEPA, 2012). Historically, coastal protection has been achieved via hard 138 
engineered structures which have helped form the view of the general public that the boundary 139 
between land and see is fixed rather than dynamic. This has led to local residents being opposed 140 
to managed realignment schemes which appear to “give land to the sea” (Coates et al., 2001; 141 
French, 2002). Consequently, there is an increasing need to engage with local residents 142 
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throughout the planning process and study public perceptions of managed realignment schemes 143 
(Ledoux et al., 2005). The move towards integrated flood risk management globally has led to 144 
a wider range of stakeholders being involved in decision making (Begg et al., 2017) and this is 145 
now taking place both in developed and developing countries.  146 
There are a range of studies which assess participatory approaches linked to flood risk 147 
management including Begg et al., (2017) who compares differences in the process between 148 
England and Germany; Campos et al., (2016) who follow community decision making process 149 
for management of coastal flood risk in Portugal; as well as Vizinho et al., (2017) and Evadzi 150 
et al., (2018) who use participatory methods to understand adaptions to flood risk management 151 
in African countries. In the African studies, it was found that individuals who were aware of 152 
sea level rise and flood risk were more willing to adapt to climate change when provided with 153 
information through education and outreach. In Europe, participatory methods have focussed 154 
more on scheme design and acceptance: in Portugal, a community-based approach brought 155 
together key stakeholders including engineers, policymakers, residents and businesses. The 156 
process showed that many of those involved had an overly simplistic view on the potential 157 
flood risk adaption solutions (Campos et al., 2016). Furthermore, policymakers and planners 158 
emphasised the importance of economic assessments to establish the costs and benefits of the 159 
proposed management solutions.  160 
In the context of the gaps in the literature identified above, the aim of this paper is to 161 
explore public preferences for a proposed managed realignment site on the Tay Estuary, 162 
Scotland. This study contributes to the existing literature on managed realignment in two ways. 163 
First, the study explores public perceptions of flood risks, flood defence and coastal ecosystem 164 
services, by asking survey respondents a nine-question quiz about flood risk management on 165 
the Tay Estuary. Survey respondents were then asked a series of questions regarding their own 166 
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perceptions of flood risk and the state of current defences. This follows similar work Myatt et 167 
al (2003 a,b,c) who explored attitudes towards managed realignment schemes on the south 168 
coast of England. Surveys for the Freiston Shore, Orplands and Brancaster managed 169 
realignment schemes sought to gain an insight into residents understanding of flooding, their 170 
perceptions of managed realignment and which issues they considered important (Myatt et al 171 
2003 a,b.c). Results for the Brancaster project highlighted that the majority of respondents felt 172 
they were at risk from flooding, although in reality only a “few properties are vulnerable to 173 
flooding at present” and over 60% of respondents considered the “effectiveness of managed 174 
realignment” to be a very important issue. Myatt et al concluded that local residents should be 175 
involved in the discussion of managed realignment and have direct inputs into decision making.  176 
Our work extends the research of Myatt et al by exploring public perceptions and 177 
attitudes using a stated preference (contingent valuation) exercise. This survey asks residents 178 
directly if, and how much, they are willing to pay towards a new managed realignment scheme. 179 
Drivers of willingness to pay for the scheme are explored, including prior knowledge of flood 180 
risk management, personal flood risk awareness and residential location. The remainder of the 181 
paper is structured as follows: Section 2 provides an overview of the contingent valuation 182 
method; Section 3 details the survey methodology and empirical approach; Section 4 provides 183 
the results; the discussion and conclusion are provided in Sections 6 and 7 respectively. 184 
2. The contingent valuation method 185 
Contingent valuation uses questionnaires to elicit people’s preferences for changes in a 186 
good or service by asking them what they are willing to pay for an improvement (or to prevent 187 
a reduction in supply) in the good or service; or their minimum willingness to accept 188 
compensation to go without an improvement or tolerate a reduction in a desired good or service 189 
(Mitchell and Carson, 1989). Contingent valuation has its foundations in welfare economics 190 
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with surveys capable of obtaining a Hicksian measure of welfare (equivalent or compensating 191 
surplus) for a discrete change in the provision of an environmental good or service (Hoyos and 192 
Mariel, 2010). Social choices can then be better made, based on the resulting estimates 193 
(Chilton, 2007). If the study is well designed and carefully pretested, responses should 194 
represent valid willingness to pay (WTP) responses. These responses can then be used to 195 
generate marginal values to estimate the aggregate welfare change.  196 
Following the recommendations of Mitchell and Carson (1989), such surveys should 197 
consist of three key parts. Firstly, respondents are provided with a detailed description of the 198 
good being valued and how it will be made available to the respondent. The hypothetical market 199 
created should be as plausible as possible. Scenarios are constructed which offer different 200 
policy alternatives relative to a baseline which is often the current situation. The respondent is 201 
asked to state whether they would support an alternative policy option depending on what the 202 
new policy will provide, how this will be delivered and how much it will cost. Values are 203 
elicited through a question which asks the respondent what they are willing to pay for the good 204 
in question. Finally, questions about the respondent’s socio-demographic characteristics are 205 
asked (age, gender and income), their attitudes towards the good being valued and their use of 206 
the good. This information is then used in regression equations to estimate the valuation 207 
function of the good. Following the survey, the WTP estimates can then be used to develop a 208 
benefit estimate.  209 
The development of contingent valuation can be divided into three main periods; early 210 
research up until the Exxon Valdez oil spill (1989); a second period (1989-1992) which covered 211 
the debates following the use contingent valuation to estimate the damages of the Exxon Valdez 212 
oil spill and the subsequent publication of the ‘NOAA Blue Ribbon Panel’ report, as well as 213 
the publication of the Mitchell and Carson book ‘Using Surveys to Value Public Goods’ which 214 
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played a key role in defining the methodology. Finally the period from 1992 until present day 215 
where contingent valuation has been accepted as a non-market valuation method, academically 216 
and politically, but with many challenges still needing to be explored (Carson, 2012; Hoyos 217 
and Mariel, 2010). There has been a great research effort into areas such as hypothetical bias, 218 
elicitation formats, information provision and uncertainty, survey validity and scope and 219 
embedding effects, all with the aim of improving the validity and reliability of the WTP 220 
estimate (see Johnston et al., (2017) for a detailed overview of these issues and best practice 221 
guidelines for stated preference surveys).  222 
For our study, contingent valuation allows us to compare whether respondents prefer 223 
managed realignment over maintaining existing hard flood defences; to assess the most they 224 
are willing to pay for such an investment, and to explore which factors influence their WTP for 225 
the scheme management realignment. Additionally our survey includes a nine-question flood 226 
defence “quiz” at the start of the survey, to allow us to identify what respondents already 227 
understand about flood risk, flood defence and managed realignment in the Tay Estuary, since 228 
one’s knowledge of an environmental good may affect one’s WTP for changes in this good 229 
(Czajkowski et al., 2014). 230 
  231 
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3. Case study 232 
For policymakers considering implementing a new managed realignment scheme, it is 233 
helpful to understand local stakeholder’s attitudes towards flood defence and flood risk, and 234 
also consider the drivers behind these attitudes. This engagement is even more crucial in 235 
Scotland where there is a requirement for SEPA (the Scottish Environment Protection Agency 236 
who are responsible for delivering flood risk management) to raise public awareness of flood 237 
risks and future investment plans for flood defence schemes (Scottish Government, 2011).   238 
The proposed management realignment scheme considered in the present paper was at 239 
Newburgh on the Tay Estuary, Scotland (Figures 1a&b) which is one of SEPA’s proposed 240 
natural flood management areas as part of the Fife Shoreline Management Plan (SEPA, 2015). 241 
For Tayport and Newburgh, the Shoreline Management Plan states “that 117 residential 242 
properties and 12 non-residential properties are at risk of flooding in this location, with 243 
potential damages of up to £12 million”. In addition, the report states that “natural flood 244 
management actions can restore and enhance natural environments and create opportunities for 245 
recreation and tourism”.  246 
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 247 
Figure 1a: Case study region. Contains OS data © Crown copyright and database right 2018. 248 
 249 
 250 
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251 
Figure 2b: Location of proposed managed realignment scheme, Newburgh, Tay Estuary. The top 252 
panel shows selected estuarine habitats using Rowland, C.S.; Morton, R.D.; Carrasco, L.; 253 
McShane, G.; O'Neil, A.W.; Wood, C.M. (2017). Land Cover Map 2015 (25m raster, GB). NERC 254 
Environmental Information Data Centre. https://doi.org/10.5285/bb15e200-9349-403c-bda9-255 
b430093807c7, Bottom panel shows the location of Newburgh and the surrounding areas. 256 
Contains OS data © Crown copyright and database right 2018. 257 
 258 
 259 
260 
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4. Methods 261 
4.1. Survey design 262 
The survey was designed following the recommendations of Carson, (2000). The first 263 
stage was holding a focus group with the staff and students from the University of Stirling to 264 
review the flood risk management quiz and the valuation scenario. A pilot survey was then sent 265 
to households within the study area and 50 people responded. The final survey was conducted 266 
throughout 2013. Securing participants was a two-stage process: i) respondents received a letter 267 
on University of Stirling headed paper inviting them to take part in the online survey and were 268 
given details of the survey website (www.surveygizmo.com); ii) respondents then needed to 269 
complete the survey online. A reminder card was sent two weeks after the first contact attempt.    270 
Survey participants were randomly selected from the Scottish Phone Directory. Only 271 
people living within the three local authorities expected to receive benefits from the proposed 272 
flood defence scheme (Perth and Kinross, Dundee City and Fife) were selected to take part. 273 
Local authorities are responsible for funding flood defence schemes in Scotland and as such 274 
council tax (as collected by the local authorities) was used as the payment vehicle for the 275 
contingent valuation scenario.  276 
The survey was divided into three parts: knowledge of current flood risk management, 277 
the contingent valuation scenario and question, and finally follow up socio-demographic 278 
questions. Respondents first received an introductory text outlining the purposes of the survey 279 
and who would be using the results and why. In line with the recommendations of Carson and 280 
Groves, (2007) and Vossler and Watson, (2013) it was made clear that the survey results would 281 
be shared with relevant policymakers and would be taken into consideration when planning 282 
future flood prevention schemes. This “policy consequentiality” has been shown to improve 283 
the demand-revealing properties of contingent valuation, so that respondents state a WTP 284 
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which is closer to their true, underlying valuation of the good. Respondents were then asked to 285 
complete a nine-question multiple choice quiz. This was used to determine what individuals 286 
already knew about existing flood defence and flood risk in the Tay Estuary, as well as the 287 
costs and benefits associated with managed realignment. The quiz was developed with 288 
researchers specialising in flood risk management at the University of Stirling to ensure that 289 
the questions were accurate and relevant to the study region. The quiz was also pre-tested on 290 
the pilot respondents to ensure that the questions were easily understood and of interest to the 291 
general public”. There was a control group who did not take the first quiz.  292 
In the valuation portion of the survey, respondents were given text and graphics to inform 293 
them of the process of managed realignment, flood risk in their local area and the possible 294 
additional ecosystem service benefits of managed realignment (the phrase ecosystem services 295 
was not used in the survey). The managed realignment scenario was then detailed, including a 296 
map of where the scheme would take place, how many homes would be protected and the 297 
length of time before the defences would be completed. The status quo scenario of continued 298 
hard defences was also included. Respondents were told that increases in council tax would 299 
fund the scheme. Council tax was a plausible payment vehicle as local authorities are 300 
responsible for funding flood defence in Scotland. Respondents were then presented with the 301 
payment card ranging from £0 to £150 and asked to tick all the amounts the household was 302 
willing to pay towards the scheme. A payment card was chosen as the valuation format to 303 
increase the statistical efficiency gains relative to the dichotomous choice format and lower the 304 
cognitive burden placed on respondents which are associated with the open-ended format 305 
(Boyle and Bishop, 1988; Mitchell and Carson, 1989). The values shown on the cards were 306 
chosen based on feedback from initial focus groups.  307 
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Following the valuation exercise, a series of debriefing questions followed, including 308 
statement questions regarding perceived flood risk, whether respondents felt flood risk was 309 
increasing and whether the current defences were adequate enough to protect their home. 310 
Finally, respondents were asked a set of socio-demographic questions. A summary of the 311 
survey is provided in Figure 32 and a full copy of the survey can be made available on request. 312 
 313 
Figure 3: Survey summary  314 
4.2. Statistical analysis  315 
The statistical analysis was conducted in STATA (Version 14). There are a variety of 316 
estimation procedures available for estimating WTP from payment card data, two of which 317 
were used and compared in this paper. The Tobit model, or censored regression model, is 318 
designed to estimate linear relationships between variables when there is either left or right 319 
censoring in the dependent variable (Long, 1997). For WTP surveys left-hand censoring is 320 
appropriate as it takes into account respondents zero bid respondents i.e. those, not willing to 321 
pay. However, for payment card data, the researcher will observe an interval (with a lower 322 
bound and upper bound) where the respondent’s true WTP lies. As a result for Tobit regression, 323 
the researcher must decide on one discrete value to be used as the dependent variable in the 324 
analysis: either the lower or upper bound of the payment card or the mid-point between the 325 
Subject begins survey 
(background information)
Nine question multiple 
choice quiz
Managed realignment 
policy outlined, including 
costs, timescale and status 
quo scenario
Elicit willingness to pay 
for managed realignment 
scheme
Series of follow up 
questions regarding flood 
risk attitudes
Socio-demographic 
questions
18 
 
two. This can result in a biased evaluation with either the estimate being too conservative (when 326 
the lower bound is used) or too large (when the upper bound is used). Cameron and Huppert, 327 
(1989) stress the importance of sensitivity analysis if a proxy is used for the true value of the 328 
dependent variable. Interval regression can overcome this issue by using the lower and upper 329 
bounds of the value chosen on the payment card as the dependent variable in the regression 330 
analysis (Haab and McConnell, 2002). For this survey, respondents were asked to tick the 331 
highest value they were prepared to pay towards the scheme. However, their true value may lie 332 
between the highest bid they chose and the next highest amount. For example, suppose a 333 
respondent ticked £100 and the next highest was £150. In this case, their true value may lie 334 
between £100 and £150 and these bounds can be used in the interval regression estimation. 335 
Theoretically, there are 𝐾 payments, 𝑡1 … . , 𝑡𝑘 arranged in ascending order so that 𝑡𝑘 > 𝑡𝑘−1.  336 
When a respondent chooses payment 𝑡𝑘, the probability that WTP lies between 𝑡𝑘 and 337 
𝑡𝑘+1: Pr (𝑐ℎ𝑜𝑜𝑠𝑒 𝑡𝑘)  =  Pr (𝑡𝑘  ≤ 𝑤𝑡𝑝 <  𝑡𝑘+1. Responses to the payment card can be treated 338 
by specifying WTP as 𝑊𝑇𝑃 =  µ +  Ɛ.  If we let   Ɛ ~ 𝑁 (0, 𝜎2), Pr(𝑐ℎ𝑜𝑜𝑠𝑒 𝑡𝑘 ) =339 
 𝜙 (
(𝑡𝑘+1 − 𝜇)
𝜎
) −  𝜙 (
(𝑡𝑘 − 𝜇)
𝜎
) where   𝜙 (
(𝑡𝑘+1 − 𝜇)
𝜎
) is the standard normal CDF evaluated at 340 
𝜙 (
(𝑡𝑘+1 − 𝜇)
𝜎
). The log likelihood function on for the responses can then be formed: 341 
ln 𝐿 =  ∑ ln(𝜙 (
(𝑡𝑘+1 (𝑖)− 𝜇)
𝜎
) −  𝜙 (
(𝑡𝑘 (𝑖)− 𝜇)
𝜎
)   𝑇𝑖=1 where individual 𝑖 chooses payment 𝑡𝑘(𝑖). 342 
This is a form of an interval model in which every individual picks some payment (Haab and 343 
McConnell, 2002).   344 
In this paper, both the Tobit and Interval model have been applied to the analysis and the 345 
different models compared. For the Tobit model, the lower bound value of the payment card 346 
was used for the analysis. Several covariates were used in the analysis to explore the WTP 347 
distribution and also the reliability of the survey estimates (Carson and Hanemann, 2005) 348 
(Equation 1, Table 1).  349 
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𝑊𝑇𝑃𝐼 = 𝑏0 +    𝑏1𝐼𝑁𝐶𝑂𝑀𝐸 +  𝑏2𝐺𝐸𝑁𝐷𝐸𝑅 + 𝑏3𝐸𝐷𝑈𝐶𝐴𝑇𝐼𝑂𝑁 +  𝑏4𝐸𝑁𝑉 + 𝑏5𝐴𝐺𝐸 +  𝑏6𝑂𝑊𝑁𝐸𝑅 +350 
 𝑏7𝐷𝐼𝑆𝑇𝐴𝑁𝐶𝐸 +  𝑏8𝐻𝑂𝑀𝐸𝐹𝐿𝑂𝑂𝐷 + 𝑏9𝐹𝐿𝑂𝑂𝐷𝑅𝐼𝑆𝐾 +  𝑏11𝑊𝑂𝑅𝑅𝑌 ∗ 𝑃𝐸𝑅𝐶𝐸𝐼𝑉𝐸𝐷 𝐹𝐿𝑂𝑂𝐷 𝑅𝐼𝑆𝐾 + 𝜀𝐼 (1) 351 
Table 1: Explanatory variables used in the estimation process 352 
INCOME 
Household income ranging from under £15,000 to over £100,000 per annum (six 
categories, midpoint of each category used in the estimation process ) 
GENDER Gender (female=0, male=1) 
EDUCATION Respondent has a university degree (0-no, 1=yes) 
ENV Member of an environmental group (0=no, 1=yes) 
AGE Age ranging from 18-19 through to 65 and over 
OWNER Whether the respondent owns their property or not (0=no, 1=yes) 
DISTANCE 
Distance from the proposed flood defence scheme: 0=at site, 1=1-10 miles, 2=11-20 
miles 3=over 20 miles 
HOMEFLOOD Home has been flooded (0=no, 1=yes) 
FLOODRISK 
Statement questions response "My property is at risk from flooding" (0= strongly 
disagree, disagree or unsure no, 1=strongly agree or agree) 
WORRIED 
Statement questions response "I am worried the current flood defences are not adequate 
enough to protect my home" " (0= strongly disagree, disagree or unsure no, 1=strongly 
agree or agree) 
In contingent valuation surveys, there is an expectation that respondent’s experiences 353 
with the good in question, personal motivations, their socioeconomic status and the distance 354 
they live from the site can all affect WTP (Cameron and Englin, 1997; Kniivilä, 2006; 355 
LaRiviere et al., 2014). Socio-demographic variables used in the analysis include income, age, 356 
gender, home ownership and being a member of an environmental group. There is an 357 
expectation in contingent valuation surveys that income will be a statistically significant driver 358 
of WTP with those on the highest incomes being prepared to pay the most (Barbier, Hanley 359 
and Czajkowski, 2017).  360 
Instead of using actual flood risk, as determined by whether the respondent lived in a 361 
floodplain, experience of flooding and perceptions of flood risk were included in the regression 362 
analysis. There is an expectation that those who had previously been flooded would be more 363 
inclined to fund the scheme to improve the level of flood defences, either for themselves or 364 
others at risk. Dummy variables for whether a respondent had been flooded (yes=1, no=0), 365 
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whether the respondent believed they were at risk from flooding (yes=1, no=0) and whether 366 
they worried about existing flood defences (yes=1, no=0) were included. Additionally, the 367 
variables perceived risk and worry were interacted. There was an expectation that those 368 
respondents who feel they were at risk from flooding and were most worried about current 369 
flood defences would be prepared to pay the most towards the scheme.  370 
To explore geographical differences in WTP residents were grouped into four distances 371 
bands depending on how far they lived from the proposed flood defence. There was an 372 
expectation that residents of Newburgh would be willing to pay the most towards the scheme 373 
as they would receive direct flood defence benefits (since this is the closest town to the 374 
proposed scheme). Distance bands were included instead of a dummy variable for Local 375 
Authority area.  376 
5. Results  377 
5.1. Sample Characteristics 378 
In total 4000 households were contacted by mail and invited to take part in an online 379 
survey. A reminder card was sent two weeks after the first contact attempt. Of 4000 people 380 
contacted, 749 people completed or partially completed the online survey with 593 responses 381 
completed in sufficient detail to be used in the analysis: a response rate of 15%.  382 
Self-reported socio-demographic characteristics were compared with Scottish 383 
Neighbourhood Statistics for the Fife, Dundee and Perth & Kinross local authorities (Table 2). 384 
60% of responses were from the Fife local authority, with 26% from Dundee and 13% from 385 
Perth & Kinross. Analysis revealed that the sample was not fully representative of the local 386 
population. The oldest age groups (50 - 64 years and 65 and over) were well represented in the 387 
survey whilst the youngest age group (18 - 29) was underrepresented (9% of the sample 388 
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compared to 22% in population). Males were also over-represented in the survey (58% 389 
compared to 47% in the overall population). The modal income group was £20,000 - £39,000 390 
which was similar to the median income of the local authorities (£26,000). Over 80% of the 391 
sample owned their own homes compared to the Fife average of 64%.  392 
Table 2: Socio-demographic characteristics of the respondents   393 
  Percentage of Sample 
Income  
Under £15,000 13.57 
£15,000 - £19,999 12.32 
£20,000 - £39,999 32.99 
£40,000 - £69,999 25.68 
£70,000 - £99,999 9.60 
Over £100,000 5.85 
Gender  
Male 58.25 
Female 41.75 
Education  
Higher education: no 44.79 
Higher education: yes 55.21 
Member of environmental group 33.40 
Local Authority   
Fife 60.13 
Perth & Kinross 13.44 
Dundee 26.43 
Age  
18 - 29 9.39 
30 - 49 33.86 
50 - 64 34.05 
65 and over 22.70 
Property status  
Property owner 82.32 
Other 17.68 
Distance from site  
At site 16.52 
1 - 10 miles 2.86 
10 - 20 miles 32.60 
over 20 miles 48.02 
 394 
 395 
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5.2. Respondent familiarity with flood risk management issues  396 
The majority of respondents appeared to be relatively un-informed about flood risk 397 
management issues and the mean quiz score was 3.05 (SE=0.08) (Figure 3). Respondents knew 398 
the least about estuarine flood risk and government flood defence spending (Q1 and Q2) 399 
although appeared to be familiar with historical flood protection measures (Q3). As expected, 400 
fewer respondents were aware that managed realignment could deliver a greater level of flood 401 
protection compared to traditional defences (Q4). 26% of respondents were aware that wetlands 402 
provided an important food source for wildlife (Q5) and over 50% of respondents knew 403 
wetlands were important spawning grounds for fish (Q6). 45% thought brownfield land would 404 
be used for the managed realignment site, compared with 21% who correctly knew that in most 405 
cases agricultural land is used (Q7). Almost 50% were aware that erosion was the main cause 406 
of decline for waterbird populations (Q8) and finally respondents were relatively unfamiliar 407 
with the legal obligations regarding wetland protection (Q9).  408 
 409 
Figure 4: Estuarine management quiz results  410 
 411 
0
10
20
30
40
50
60
70
80
90
100
Question
1
Question
2
Question
3
Question
4
Question
5
Question
6
Question
7
Question
8
Question
9
P
er
ce
n
ta
g
e
Correct Incorrect Don't know
23 
 
The survey follow up questions revealed that approximately 18% of respondents felt they 412 
were at risk from flooding, 29% felt that flood risk was increasing and 23% were worried that 413 
the current flood defences were not adequate enough to protect their home. Over 67% of 414 
respondents felt that it was the council’s responsibility to maintain and fund flood defences 415 
(Table 3). Respondent’s postcodes were compared to SEPA Flood Risk Maps in ArcGIS to 416 
determine whether the resident lived on a coastal or fluvial floodplain. Overall, 26% of 417 
respondents lived on a floodplain, 8 percentage points higher than the fraction of respondents 418 
who stated that they were at risk of flooding. This suggests that some respondents were 419 
unaware of the actual flood risks they face. Additionally, 55% of those who were mapped as 420 
living on the floodplain either disagreed, strongly disagreed or were unsure that they were at 421 
risk from flooding. Despite this lack of flood risk awareness, 68% of the sample had some level 422 
of privately-purchased insurance against flooding. 423 
Table 3: Responses to the flood risk statement questions  424 
 Strongly 
disagree 
Disagree 
Neither agree 
nor disagree 
Agree 
Strongly 
Agree 
My property is at risk 
from flooding 
52.08% 24.43% 4.73% 12.31% 6.44% 
Flood risk in the area 
is increasing 
39.05% 28.00% 4.19% 21.71% 7.05% 
I am worried that the 
current defences are 
not adequate enough to 
protect my home 
41.49% 30.59% 5.35% 15.30% 7.27% 
It is the council's 
responsibility to fund 
flood defence, not 
mine 
9.75% 17.59% 5.54% 41.30% 25.81% 
5.3. Public WTP for the managed realignment scheme 425 
The majority of respondents (82%) were prepared to pay towards the managed 426 
realignment scheme (Figure 4). The main reasons for not being prepared to pay were not being 427 
able to afford to contribute (26%) and believing it is the Scottish Government’s responsibility 428 
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to fund flood defence (27%). The mean WTP across all respondents was £43.03 per household 429 
per annum (SE=1.88) (Table 4).  430 
 431 
Figure 5: Frequency of WTP by payment card amounts selected 432 
Responses from the flood risk quiz were grouped into two bands: below average score 433 
(0-2 correct) and above average score (3 or more correct). Table 4 presents the mean WTP of 434 
respondents grouped by their knowledge type. A Mann-Whitney test showed there were no 435 
significant differences in mean WTP between these a priori information types (H(2)= 0.83, p= 436 
0.40. Neither was there a statistical difference in the number of zero bids (H(2)= 0.23, p= 0.82) 437 
between high and low information groups. Overall the results suggest that what respondents 438 
knew about flooding and flood defences prior to the survey, as measured by the quiz, did not 439 
affect their WTP. 440 
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Table 4: WTP for the managed realignment scheme  442 
 All respondents 
Quiz score 
Below average Above average 
Mean WTP 43.03 46.04 42.88 
SE 1.88 2.76 3.07 
95% CI 39.34-46.71 40.62-51.47 36.82-48.91 
Number of zero bids 107 53 30 
N 593 301 203 
Mann Whitney Z (p<): zero bids  0.23 (p= 0.82)  
Mann Whitney Z (p<): mean WTP   0.83 (p= 0.40)   
Note: All respondents includes those who did not take the first quiz (control group n=89). Analysis not 
included in this paper shows that there were no significant differences in WTP between those who took 
the first quiz and those who did not. There was also no significant differences in respondent 
characteristics between those who did and did not take the first quiz. As such all respondents are pooled 
together for the remainder of the analysis.   
Table 5 compares the coefficient estimates for three different regression models which 443 
considered which variables influenced household WTP for managed realignment. Coefficient 444 
estimates were higher for the Tobit model (Model 1) compared to the Interval model (Model 445 
2). Comparing the AIC, BIC and Log likelihood values shows that the Interval regression 446 
model had a better fit, so these coefficient estimates will be discussed for the remainder of the 447 
paper.  448 
The interaction between perceived flood risk and worry about existing coastal defences 449 
had the strongest effect on WTP. Respondents who felt most at risk from flooding and were 450 
more worried about existing defences were willing to pay £32.66 more per household per 451 
annum (Model 3) compared to those respondents who were not worried and felt they were not 452 
at risk from flooding. However, there was no significant difference in WTP between 453 
respondents who had been flooded previously and those who had not.  454 
Respondents were separated into four distance bands ranging from “at the site” to “over 455 
20 miles from the site”. It was found that those respondents who lived at Newburgh (where the 456 
scheme was proposed) were willing to pay £21.97 more per household per annum compared to 457 
those who lived 11-20 miles from the site and £21.22 more per household per annum compared 458 
26 
 
to those who lived over 20 miles from the site. The mchange command in Stata was used to 459 
compare WTP between the distance bands for the Interval regression model (Table 6) (for more 460 
information on “mchange” see Long and Freese, 2014). Results showed there were no 461 
significant differences in WTP between distance bands above 10 miles from the site. In line 462 
with many stated preference surveys, income was a significant determinant of WTP. 463 
Respondents in the highest income bands (over £100,000) were prepared to pay on average 464 
£35.94 more per household per annum compared to the lowest income band of below £15,000 465 
per annum. In addition, being a member of an environmental group significantly increased 466 
WTP with those respondents being prepared to pay £15.28 more per household per annum 467 
compared to those who were not members of an environmental group.  468 
  469 
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Table 5: Comparison of the Tobit and Interval regression models exploring willingness to pay for 470 
the managed realignment scheme 471 
VARIABLES Tobit Model Interval Model 
Household income: between £15,000  -£19,999 17.98** (8.34) 12.15* (7.10) 
Household income: between £20,000 - £39,999 22.54*** (7.17) 18.09*** (6.07) 
Household income: between £40,000 - £69,999 17.89** (7.83) 13.31** (6.69) 
Household income: between £70,000 - £99,999 29.16*** (10.06) 26.29*** (8.67) 
Household income: over £100,000 37.45*** (11.85) 35.94*** (10.23) 
Gender = Male 12.22*** (4.42) 11.20*** (3.80) 
Higher education: yes 4.58 (4.60) 0.84 (3.96) 
Environmental group: yes 15.28*** (4.94) 12.89*** (4.30) 
Age: 30 - 49 -5.74 (8.74) -6.53 (7.53) 
Age: 50 - 64 -1.84 (8.88) -3.19 (7.65) 
Age: 65 and over -2.65 (9.65) -2.24 (8.32) 
Home ownership: yes  -1.97 (6.41) -1.47 (5.51) 
Distance from site: 1 - 10 miles -13.04 (13.23) -13.74 (11.48) 
Distance from site: 10 - 20 miles -23.44*** (6.67) -21.97*** (5.78) 
Distance from site: over 20 miles -21.15*** (6.44) -21.22*** (5.60) 
My home is at risk from flooding -5.14 (12.83) -4.21 (11.06) 
I am worried the current defences are not 
adequate enough to protect my home  
14.39* (8.47) 10.46 (7.40) 
Interaction: risk (0) and worried (0) 0.00 (0.00) 0.00 (0.00) 
Interaction: risk(1) and worried (1) 33.89** (15.95) 32.66** (13.86) 
My home has been flooded 6.61 (8.83) 6.03 (7.67) 
Constant 17.70 (11.25) 42.37*** (1.64) 
Predicted WTP estimates 34.52 (1.17)  42.91 (1.06)  
Observations 435 
 
435 
 
AIC 3870.58 
  
2863.11 
BIC 3956.16 
  
2948.70 
Log Likelihood -1914.29 
  
-1410.56 
 472 
Table 6: Comparison of WTP by distance from the site (Interval model) 473 
Distance from site: 1 - 10 miles vs at site -13.74 
Distance from site: 10 - 20 miles vs at site -21.968*** 
Distance from site: over 20 miles vs at site -21.219*** 
Distance from site: 10 - 20 miles vs distance from site: 1 - 10 miles -8.228 
Distance from site: over 20 miles vs distance from site: 1 - 10 miles -7.479 
Distance from site: over 20 miles  vs distance from site: 10 - 20 miles  0.749 
Notes: calculated using the “mchange” command in Stata. For details on margins, see Long 
and Freese (2014)/  
Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 
 474 
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Following the regression analysis the Stata post-estimation command “predict” was used 475 
to estimate WTP based on the Interval regression. Mean, median and the standard deviation of 476 
WTP were calculated for the whole sample and across various restrictions (Table 7). The 477 
unrestricted predicted mean WTP was £42.91 per household per annum (CI= 40.83–44.99). 478 
Restricting this to Newburgh residents only increased the mean WTP to £69.02 household per 479 
annum (CI= 63.86-74.19). 480 
The next question is what extent of the market should be used in the aggregation? 481 
Bateman et al., (2006) offers insights into this; should the aggregation of benefits be confined 482 
to those living in the close vicinity of the good, or extended across the region, country or even 483 
further afield? This will have implications on the appropriate level of government financing 484 
and provision. It was decided to compare aggregate WTP across three spatial scales: Newburgh 485 
residents only; the population of Fife; and those living closest to the Tay Estuary.  486 
Initially, aggregate WTP was derived for Newburgh respondents only and scaled up to 487 
the Newburgh population (Table 8). This population was chosen as Newburgh residents would 488 
directly benefit the most from the flood defence scheme. Aggregate household WTP varied 489 
between £72,350 and £84,056. Secondly, aggregate WTP was derived respondents from the 490 
Fife Local Authority only and aggregate WTP was scaled across the Fife population. This 491 
aggregation was chosen as the council tax increase to fund the scheme would take place across 492 
the whole local authority area. Predicted means from the Newburgh residents were not included 493 
and instead, the conservative predicted household means from the remainder of the Fife local 494 
authority respondents were used. It was felt the using responses from Newburgh residents 495 
would significantly over-estimate the aggregate WTP as these residents only make up a very 496 
small percentage of the Fife population. Aggregate household WTP varied between £5,966,785 497 
and £6,826,164. Finally, aggregate WTP was calculated for households situated in census 498 
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output areas adjacent to the Tay Estuary covering the Fife, Perth & Kinross and Dundee local 499 
authorities. There is potential that these properties may experience flood reduction benefits as 500 
a result of the scheme. Aggregate household WTP varied between £10,621,427 and 501 
£11,734,477. 502 
Table 7: Predicted WTP across varying restrictions for the Interval regression model (Model 2) 503 
Restrictions Mean Confidence 
Interval 
SD 25 %ile 50 %ile 75 %ile Obs 
Full sample 42.91 40.83 44.99 22.08 28.39 37.99 51.20 435 
Newburgh residents 
only 
69.02 63.86 74.19 21.67 50.36 67.47 87.98 70 
Fife residents only 
(excluding Newburgh) 
37.22 34.72 39.71 17.24 26.15 36.23 45.55 185 
Residents from 
elsewhere 
37.90 36.01 39.79 18.33 26.15 35.01 46.21 365 
 504 
Table 8: Aggregate annual household WTP across varying populations (Model 2) 505 
Area Number of 
Households 
Annual 
Aggregate 
WTP (mean) 
Annual 
Aggregate 
WTP (lower) 
Annual 
Aggregate 
WTP (upper) 
Newburgh 1133 £78,203 £72,350 £84,056 
Fife residents only (excluding 
Newburgh) 
171861 £6,396,474 £5,966,785 £6,826,164 
Residents from elsewhere 294922 £11,177,951 £10,621,427 £11,734,477 
6. Discussion  506 
This paper explores two questions: firstly, to what extent are local residents familiar with 507 
flood risk, flood defence and estuarine ecosystem services? Second, are residents willing to 508 
pay towards a new managed realignment scheme, and if so, which factors influence this? 509 
With regard to the first question, the results of the quiz highlight that respondents were 510 
relatively poorly informed about current flood risk management in their area. Whilst the 511 
majority of respondents recognised the main type of coastal defence as being hard defences, 512 
far fewer were aware of the percentage of homes at risk from flooding or of current flood 513 
defence expenditures. Respondents also knew very little about the additional costs and benefits 514 
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of managed realignment. This highlights the importance of providing information about 515 
managed realignment prior to undertaking a valuation exercise, as the full costs and benefits 516 
may not be readily understood or known by the general public (Needham et al, 2018). Our 517 
research overcomes this problem by controlling for each person’s ex ante level of knowledge 518 
of the good, but this by no means always done in stated preference studies. Encouragingly, the 519 
quiz revealed that over 40% of respondents felt that managed realignment had the potential to 520 
deliver a greater level of protection than traditional coastal defences. This is in contrast to 521 
previous findings where it is widely discussed that the general public has negative feelings 522 
towards managed realignment and do not see it as an adequate form of flood protection (French, 523 
2006). Overall, the results of the quiz demonstrate the need for policymakers to communicate 524 
their flood risk management policy more effectively as people are currently poorly informed 525 
about the issue.  526 
Secondly, the results highlighted a mismatch between perceived flood risk and actual 527 
flood risk in the study area. Some 116 respondents were mapped as being at risk from either 528 
coastal or fluvial flooding; however, 64 of these did not believe they were at risk from flooding. 529 
From a flood risk management perspective, this is concerning as people may not be taking 530 
appropriate steps to protect their home, such as paying for private insurance. This has been a 531 
common finding in previous UK flood risk surveys (Environment Agency, 2004; Harries, 532 
2008). Encouragingly, in the case of the Tay survey, 69% of respondents who lived on the 533 
flood plain did have some level of insurance against flood damages. Previous surveys have 534 
shown the main driver behind flood risk perceptions is the respondents’ own experiences of 535 
flooding. Burningham et al., (2008) found that, for the UK, those who had previous flood 536 
experience, had lived in the area for longer and were in a higher social class, were all predictors 537 
of flood risk awareness. Similar results were reported by Bradford et al., (2012) where flood 538 
risk awareness was strongly correlated with flood risk experience in an EU-wide study. The 539 
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results of this survey showed that respondents who had already been flooded were more likely 540 
to feel at risk from flooding. This reinforces findings from previous surveys that direct flood 541 
experience raises the perception of flood risk, as does worry about this risk.  542 
Thirdly, the majority of respondents were willing to pay towards the managed 543 
realignment scheme rather than maintaining the status quo of existing hard sea defences. The 544 
predicted mean WTP from the Interval regression model was £42.91 per household per annum 545 
(CI= 40.83 - 44.99). Restricting this to Newburgh residents only, who likely benefit most from 546 
the scheme, increased the mean WTP to £69.02 household per annum (CI= 63.86 - 74.19). 547 
These results are consistent with previous surveys which assessed WTP for natural flood 548 
defence schemes but lower than wetland creation values derived through meta-analysis (in a 549 
sense, what people are paying for here is wetland creation). A meta-analysis of wetland 550 
contingent valuation studies by Brouwer et al., (1999) found mean WTP for wetland 551 
regeneration was £83.65 (£131.601) per household per year. English Nature, (2001) applied 552 
this value to managed realignment and derived a household WTP of £20 per household per 553 
year (£30.101) for England and Wales. Further wetland values for flood defence have been 554 
calculated by Woodward and Wui, (2001) with values calculated as $159 per hectare (1990 555 
values) and $50 per hectare (1995 values) respectively (£224 and £56.771). The Environment 556 
Agency, (2004) assessed respondent’s WTP to avoid health impacts associated with flooding 557 
and mean WTP values for flooded and at-risk respondents were between £150 and £200 per 558 
household per year respectively (£282 and £211.891). In a more recent study Jones et al., (2015) 559 
found that residents were willing to pay £42.36 per household per year to maintain coastal sea 560 
                                                 
 
12014 value adjusted for inflation and currency conversion  
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defences along the south coast of England. Overall the values estimated in this survey are more 561 
conservative than previous UK valuation studies.  562 
As expected, respondents in Newburgh were prepared to pay the most towards the 563 
scheme as they would receive the direct benefits of reduced flood risk. Grouping respondents 564 
into four distance bands (at the site, 1 - 10 miles, 11 - 20 miles and over 20 miles) showed those 565 
living at the site were prepared to pay significantly more than those in the 11 - 20 and over 20 566 
miles category. There was no difference in the marginal values between the 1 - 10, 11 - 20 and 567 
over 20 miles distance bands. Respondents who believed they were at risk from flooding and 568 
also felt the current defences were not adequate enough were prepared to pay the most towards 569 
the scheme. This finding is similar to that of Bradford et al., (2012), where worry was seen as 570 
important risk characteristic: an individual can be aware of a flood risk but if they are not 571 
worried about the risk it is less likely they will prepare against it. Results also showed that 572 
previous experience on flooding did not significantly influence the willingness to pay estimate. 573 
This is similar to previous flood risk surveys have shown those who have been flooded are 574 
reticent to take personal responsibility for flood protection, and instead, expect scientists and 575 
regulators to manage the problem for them (Soane et al., 2010).  576 
It is clear that, amongst respondents living within the study area, there are varying 577 
attitudes towards flood risk and flood defences, and this is something which needs to be 578 
addressed when proposing a new scheme through information campaigns and public 579 
consultation. This is already recognised as part of Flood Risk Management planning in 580 
Scotland (Scottish Government, 2011), however, results of this survey suggest that current 581 
communication may not be effective. One drawback of this survey was that respondents were 582 
not specifically asked whether they were aware of existing flood risk campaigns in the area. 583 
As such a causal link between information provision and flood risk awareness cannot be 584 
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concluded. It could be inferred that the lack of awareness of some respondents may be an 585 
indication that information campaigns may not be reaching the desired audience, or some 586 
people are unwilling to take on board the information provided to them.  587 
7. Conclusion 588 
This paper aimed to investigate preferences and willingness to pay for a proposed 589 
managed realignment scheme on the Tay Estuary, Scotland. This contributes to two strands of 590 
literature: the general public’s understanding of flood risk and flood defence options; and the 591 
valuation of managed realignment schemes. This study differs from previous flood risk surveys 592 
as it employs the contingent valuation method to assess public perceptions for the alternative 593 
flood defence and their willingness to pay.   594 
The results showed that the majority of respondents supported the scheme’s development 595 
and would be prepared to pay towards the scheme. The predicted WTP from the Interval 596 
regression model was £42.91 per household per annum (CI= 40.83–44.99). Calculating the 597 
aggregate WTP showed that there is a great deal of variation in the welfare estimates depending 598 
on which sub-sample of residents is chosen. Annual benefits range from £78,203 for Newburgh 599 
households only to £11,177,951 if aggregated over the three local authorities. From a policy 600 
perspective, these estimates provide an initial baseline for the assessment of the benefits of a 601 
managed realignment scheme, although decisions over which if any additional flood risk 602 
mitigation schemes should be implemented will not be based on benefit-cost considerations 603 
alone.  604 
One of the main drawbacks of this study is that values for the individual ecosystem 605 
services provided by the scheme were not estimated. Contingent valuation calculates overall 606 
WTP for the bundle of quantity and quality changes associated with the policy change. 607 
Providing respondents read and understood the information presented to them, this bundle 608 
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includes the value of the flood defence good itself, as well as the additional ecosystem service 609 
provision for wildlife and fisheries. WTP for the different ecosystem service values could have 610 
been elicited using a choice experiment. For this, the managed realignment site could have 611 
been described in terms of its attributes, i.e. the different ecosystem services provided, and 612 
respondents asked to choose between different “bundles” of attributes. This would have 613 
allowed the identification of WTP for each individual ecosystem service.  614 
A further extension would be to capture the potential recreational value of the managed 615 
realignment scheme. According to Coastal Futures, existing managed realignment sites in 616 
England offer a variety of recreational activities for local residents and visitors alike and this 617 
is something that could be potentially developed as part of the Newburgh scheme (Coastal 618 
Futures n.d). For example at Freiston Shore in Norfolk, it was estimated that the managed 619 
realignment site brings £150,000 into the local economy and attracts 57,000 visitors a year, 620 
compared to an estimated 11,000 per annum before the breach. At Alkborough Flats on the 621 
Humber Estuary, public footpaths were constructed on the site and five bird hides. Future work 622 
could estimate the potential recreational value of the Newburgh managed realignment scheme 623 
site using the travel cost model (see Haab and McConnell, 2002), as well as via stated 624 
preference approaches.  625 
Significant drivers of WTP included flood risk attitudes, income and distance from the 626 
site. From a flood risk management perspective, a mismatch between actual and perceived 627 
flood risk was highlighted, with many respondents stating they were not at risk of flooding 628 
when they in fact were. This is potentially concerning, as respondents may not be taking 629 
adequate steps to protect their home from future flood risks and in the context of this survey 630 
may have been willing to pay less as they may not have felt they would directly benefit, when 631 
in fact the opposite may be true. From a regulator’s perspective, there is a challenge of how 632 
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best to communicate flood risk to those without previous experience of flooding, and best to 633 
increase respondents’ understanding of the issue. There is an expectation that increasing flood 634 
risk knowledge will increase support for the allocation of public funds towards maintaining 635 
and building new flood defences, including the wider use of managed realignment and other 636 
ecosystem-based mitigation strategies. But this depends on the translation of actual risk 637 
changes into changed risk perceptions.   638 
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